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摘  要 
I 















叶缩合单宁的聚合度分布为 3 聚体到 16 聚体，树皮的聚合度分布为 3 聚体至 13
聚体。所有单宁均为 B 型连接。二苯基苦基肼自由基（DPPH）清除能力分析表
明凤凰木不同部位单宁（树叶、果实、树皮）具有较强的自由基清除能力，其 IC50
值分别为 160.96 ± 9.23、115.05 ± 2.76 和 89.80 ± 2.05 µg/mL；铁离子还原/抗氧化
能力（FRAP）分析显示，凤凰木树叶、果实、树皮单宁具有较强的铁离子还原
能力，其 FRAP 值分别为 2.54 ± 0.11、2.24 ± 0.06 和 3.78 ± 0.06 AAE/g。酶学实
验分析表明树叶、果实和树皮单宁化合物能强烈的抑制酪氨酸二酚酶反应活力，
其 IC50 值分别为 38.1 ± 1.0, 73.0 ± 2.3 和 54.7 ± 1.5 μg/mL。抑制机理和抑制类型
分析显示凤凰木缩合单宁是酪氨酸酶的可逆混合抑制剂。凤凰木树叶，果实，树
皮缩合单宁抑制蘑菇酪氨酸酶二酚酶的 KI值分别为 340.1、973.6 和 64.2 μg/mL，
KIS 值分别为 104.2、289.3 和 381.7 μg/mL。以上结果为新型酪氨酸酶抑制剂和抗
氧化剂的研究提供理论支持，揭示了凤凰木不同部位缩合单宁在皮肤美白和果蔬
保鲜中可能的应用，而且对开发利用凤凰木单宁具有重要意义。 





















混合物中的儿茶素/表儿茶素能与酪氨酸酶反应且在 475 nm 处产生强烈的吸收，
而这正是造成以上特殊现象的主要原因。事实上山楂果核单宁化合物能有效阻止
酶与底物的结合，从而抑制酪氨酸酶二酚酶的活力。不同的抗氧化方法包括








力下降 50%的抑制剂浓度（IC50）为 30.00 μg/mL。抑制机理和抑制类型分析表
明该植物缩合单宁是酪氨酸二酚酶的可逆混合竞争性抑制剂。对游离酶的抑制常
数 (KI) 为 25.05 µg/mL，对酶-底物复合物的抑制常数 (KIS) 为 46.69 µg/mL。因
此，秋茄叶缩合单宁有可能作为一种新型酪氨酸酶抑制剂。 
（4）根据颜色和重量的不同将海南蒲桃果实划分为成熟程度不同的四个阶段




















摘  要 
III 









花单宁，显示出了很强的抗氧化能力，其中以第 2 阶段最强。 
（5）聚合度是缩合单宁典型的结构特征。利用 Sephadex LH-20 凝胶色谱柱
分级分段纯化方法，弥猴桃果皮缩合单宁被恰当地分成三个部分（FA、FB 和 FC）。
我们进一步利用正相/反相 HPLC-ESI-MS 和线性/反射 MALDI-TOF 质谱方法，
对三部分单宁化合物的结构信息进行了分析鉴定。波谱结果表明：弥猴桃果皮缩
合单宁包含原天竺葵定、原花青定、原翠雀定和原花青定棓酸酯；其聚合度分布
为 2 聚体到 29 聚体；原花青定是弥猴桃果皮缩合单宁的主要成分。通过采用硫
醇降解结合反相 HPLC-ESI-MS 的方法，我们计算得到三部分缩合单宁化合物的
平均聚合度（mDP）分别为 4.3 ± 0.3，9.1 ± 0.6 和 13.6 ± 0.7。通过使用正相的





能与酶促反应的底物结合。对于抗氧化活性来说，DPPH 法和 FRAP 法的结果显
示缩合单宁约以 mDP = 9.1 ± 0.6 为分界点，当 mDP ≤ 9.1 ± 0.6 时，抗氧化活性


















Vegetable tannins have been widly used in medicine, food, agriculture, material, 
chemical industry, forestry, environment, and ecology because of the diversity of 
chemical structure and biochemical activities. They were considered as the frontier of 
many interdisciplinary researches, such as phytochemistry, pharmacology and food 
chemistry. Convenient and reliable methods to determine vegetable tannins structure 
is helpful in screening and developing resources with important application value. In 
present study, united use of matrix-assisted laser desorption/ionization time-of-flight 
mass spectrometry (MALDI-TOF MS), high performance liquid chromatography 
electrospray ionization mass spectrometry (HPLC-ESI-MS), 
13
C nuclear magnetic 
resonance (
13
C-NMR), and chemical degradation methods to analysis vegetable tannin 
structure. We studied their antioxidant and antityrosinase activity and discussed the 
relationship of structure-activity based on the structure analysis. The present study 
therefore aims to provide theoretical foundation of exploitation and efficient 
utilization of vegetable tannins. Main research contents and results are as follows: 
(1) The structures of the condensed tannins isolated from leaf, fruit and stem bark of 
Delonix regia (Bojer ex Hook.) Raf. have been investigated firstly with 
13
C-NMR, 
HPLC-ESI-MS coupled with thiolysis and MALDI-TOF MS analyses. The results 
showed that these condensed tannins from D. regia possessed structural heterogeneity 
in monomer units and degree of polymerization. Propelargonidin (PP) and 
procyanidin (PC) were found in the leaf, fruit and stem bark of D. regia, while 
prodelphinidin (PD) was found only in the leaves. The polymer chain lengths of 
condensed tannins from leaf and fruit organs were detected to be trimers to 
hexadecamers but from trimers to tridecamers for stem bark. B-type linkages were 
present in all these compounds. The results obtained from DPPH and FRAP analysis 
showed that condensed tannins isolated from leaf, fruit and stem bark of D. regia 
exhibited potent antioxidant activity. The DPPH scavenging activity (IC50) were 
160.96 ± 9.23, 115.05 ± 2.76, and 89.80 ± 2.05 µg/mL, respectively. The FRAP 
values were 2.54 ± 0.11, 2.24 ± 0.06 and 3.78 ± 0.06 AAE/g, respectively. The results 
obtained from enzyme assay revealed that these tannin compounds can inhibit 
activitiy of tyrosinase. The inhibitor concentration leading to 50% enzyme activity 
(IC50) was estimated to be 38.1 ± 1.0, 73.0 ± 2.3 and 54.7 ± 1.5 µg/mL for the 















analyses indicated that they are reversible and mixed type inhibitors of the enzyme. 
Inhibition mechanism and type analyes indicat that condensed  tannins from different 
parts of D. regia are reversible mixed-type inhibitors. The values of KI and KIS were 
determined to be 340.1 and 104.2, 973.6 and 289.3, and 64.2 and 381.7 μg/mL for 
condensed tannins from leaf, fruit, and stem bark of D. regia, respectively. This study 
therefore aims to provide theoretical foundation for developing new antioxidant and 
antityrosinase agent. Condensed tannins from different parts of D. regia can be 
explored as tyrosinase inhibitors and food antioxidants because of their potent 
antityrosinase and antioxidant activities. This is also important for developing and 
utilizing D. regia condensed tannins. 
(2) Proanthocyanidins were isolated from fruit stone of Chinese hawthorn (Crataegus 
pinnatifida Bge. var. major N.E.Br.). Their structures were analyzed and elucidated by 
methods of MALDI-TOF MS and HPLC-ESI-MS. The results demonstrated that these 
compounds are complicated mixtures of homo- and heteropolymers consisting of 
procyanidin/procyanidin gallate and prodelphinidin. They possessed structural 
heterogeneity in monomer units, polymer length and interflavan linkage (A-type and 
B-type). B-type procyanidins are the main constituent. Their antityrosinase and 
antioxidant activity were then investigated. The results revealed that they can inhibit 
tyrosinase activities, including the monophenolase activity and the diphenolase 
activity. DPPH, ABTS, FRAP, and ORAC methods were used for measuring 
antioxidant activity of hawthorn fruit stone proanthocyanidins, the results indicated 
that these compounds possessed potent antioxidant activity. Our studies revealed that 
proanthocyanidins isolated from fruit stone of Chinese hawthorn may be applied in 
food, agriculture, pharmaceutical, and cosmetic industries. This is also provided a 
new method for dealing with wastes produced in the food industry. 
(3) The inhibitory mechanism of condensed tannins from the Mangrove Plant 
Kandelia candel on monophenolase and o-diphenolase activity of mushroom 
tyrosinase has been studied. The results show that the steady-state rate of 
monophenolase has been decreased and the lag time has been lengthened with the 
increase of concentration of condensed tannins. When the concentration of the 
condensed tannins came to be 33.00 µg/mL , the steady-state rate of monophenolase 
has been decreased 26%, and the lag time has been extensed from 32.7 s to 72.9 s. 
The inhibition on o-diphenolase activity can be obviously observed. The results show 















30.00 µg/mL. The inhibition kinetics analyzed by Lineweaver-burk plots shows that 
condensed tannins from the mangrove plant Kandelia candel is mixed-type inhibition. 
The inhibition constant (KI) was determined to be 25.05 µg/mL and KIS was 
determined to be 46.69 µg/mL. Condensed tannins from the Mangrove Plant Kandelia 
candel is showed to be a possible mushroom tyrosinase inhibitor in this study. 
(4) Syzygium cumini fruits were classified into four stages of development based on 
the subjective evaluation of the fruit skin colorn and average weight, and the changes 
of their structure and activity were evaluated. MALDI-TOF MS spectrum showed that 
tannis extracted from Syzygium cumini fruit stone are ellagitannins, monomer up to 
hexamer were detected. Pentamer and hexamer decompose during fruit development. 
Reversed-phase HPLC analysis followed thiolysis reaction were performed to obtain 
quantitative information of ellagitannins, the results showed that ellagic acid and 
gallic acid were main constitutional units, and they reduced during the fruit 
development. The results obtained from antioxidant analysis indicated that 
ellagitannin of four stages of fruit development possessed potent antioxidant activity. 
The results obtained from enzyme analysis revealed that ellagitannins of four stages 
of fruit development inhibit tyrosinase activity (monophenolase and diphenolase 
activity) effectively. The antityrosinase activities decreased gradually with the growth 
and development of fruit. The MALDI-TOF MS spectrum of Syzygium cumini fruit 
sarcocarp tannins indicated that these compounds are ellagitannins, which are 
comprise of glucose, gallic acid and ellagic acid. Gallic acids are lost during fruit 
development. DPPH, ABTS, and FRAP methods were used for estimating antioxidant 
activity of Syzygium cumini fruit sarcocarp tannin, the results revealed that all of four 
stages ellagitannins possess good antioxidant activity. In a word, Syzygium cumini 
fruit sarcocarp ellagitannins possessed weaker antioxidant activity than that of fruit 
stone ellagitannin. Ethyl acetate extracts of Syzygium cumini fruit stone are 
ellagitannins (monomer to tetramer), these compounds have good antioxidant activity, 
with the second stage highest. 
 (5) The molecular weight of polymeric plant polyphenol expressed as degree of 
polymerization (DP) is another one of the most important properties. Kiwifruit 
(Actinidia chinensis) pericarp proanthocyanidins (PAs) were extracted and separated 
into three fractions (FA, FB, and FC) on a Sephadex LH-20 column. They were 
identified and elucidated by MALDI-TOF MS and HPLC-ESI-MS methods. Spectra 















propelargonidins, procyanidins, procyanidins gallate, and prodelphinidins. PAs 
contained predominantly B-type procyanidin up to 29-mers. The mean degree of 
polymerization (mDP) for the polymers was estimated by thiolysis to be in a range of 
4.3 ± 0.3 to 13.6 ± 0.7. The result obtained from Normal-phase HPLC-ESI-MS 
analysis indicated the precise separation of PAs from monomers to 6-mers. Enzymatic 
activity analysis showed that the inhibition on the activity of tyrosinase (including the 
monophenolase activity and the diphenolase activity) increased following the increase 
of mDP. Inhibition mechanism and type analyses indicated that they are reversible and 
mixed type inhibitors of the enzyme. Fluorescence quenching was then utilized to 
unravel the molecular mechanisms of inhibition. The results showed that PAs inhibit 
the enzyme activity of tyrosinase by interacting with substrate and enzyme. In terms 
of antioxidant activity, mDP = 9.1 ± 0.6 could be considered as a dividing point for 
condensed tannin. Antioxidant activities increase with mDP at mDP ≤ 9.1 ± 0.6, while 
keep stable after that for the DPPH and FRAP methods. Antioxidant activity increased 
with the increase of mDP when ABTS method was carried out.  
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